cleus opposite the chromosomes are very interesting, but of questionable significance. If, as Cleveland asserts (op. cit., also, Science, 81, 598 (1935)), all of these fibres are merely astral rays, then it is not surprising that they are visible in the living organism. Moreover, the homology of such a bizarre achromatic apparatus with that of multicellular organisms is by no means clear. 6 See figures 4 and 7 in: Blaf, K., Zeits. indukt. Abstamm. Vererb., Supplementbd., 1, 402 (1928).
The development and differentiation of the gonads in wild type' larvae and pupae of Drosophila melanogaster were studied by Kerkis' who found that the sex of the gonad is already determined in freshly hatched larvae. The size of the gonad and its relation to the adjacent fat body were the characteristics used to determine whether a gonad was female or male. Female gonads were considerably smaller in size than were male gonads and were embedded in the fat body while male gonads were only bordered by that tissue. The indifferent stage in gonad development, that is, one in which the sex of the gonad cannot be distinguished by a histologic examination, was therefore not found in the larva and it remained to be determined whether such a condition existed in an earlier developmental period. Preparations of embryos of known age have been examined and, as the present report will indicate, it has been found that the sex of the gonad is apparently determined as soon as the definitive gonads are formed. Thus, there appears to be no indifferent stage in the development of the gonad.
By the tenth hour after fertilization in embryos incubated at 25°C., the rather complicated and tortuous wanderings of the germ cell primordia have been completed. At that stage of development the primordia are in two groups, surrounded by a number of small mesentodermal cells and situated dorso-laterally in a position four segments from the posterior end of the organism. The gonads will remain at this site during the remaining period of embryonic and post-embryonic development. The present paper contains brief descriptions of (a) the movements of the germ cells from the time of their origin until they are incorporated in the gonads and (b) the earliest feature of sex differentiation, gonad size, to become apparent.
Methods.-In Drosophila melanogaster the majority of larvae raised at 25°C. emerge from the embryonic envelopes during the twentieth hour of development. If in such a rapidly developing organism critical embryological studies are to be made, it is obviously essential that excellent material and carefully maintained conditions be employed. A highly vigorous and fertile Oregon-R strain was used that had been sustained in mass cultures for several years and had consistently given from 94 to 97% egg hatchability.2 Mated females were permitted to lay eggs on the inside surface of ripened banana skins and the strips were then placed in an incubator regulated to function at 25 0.3°C. Since Drosophila females may retain eggs in their uteri for varying lengths of time, it was necessary to use methods which would ensure that the embryos of any one batch were at almost the same level of development when fixed. The flies were first allowed to lay eggs for one hour. The experiment was continued only if many eggs were found to be deposited during this first period. In that case the banana strip containing these earlier eggs was discarded and a fresh strip introduced into the bottles. The second laying period did not exceed thirty minutes and the age of the embryos was calculated as from the midpoint of the laying period. Observations on living, dechorionated eggs and on groups of sectioned eggs and embryos indicate that the material collected in this manner was, on the whole, at similar stages of development.
Formation of the Gonads.-The first four hours of development, including the polynuclear origin of the germ cells, have been described in detail.3 4 The synchronously dividing nuclei increase by powers of two and at the time when 256 are present they appear in the cortical layer of the egg, arriving in the posterior polar region somewhat earlier than in the other regions of the egg. A variable number of protuberances become manifest at the posterior pole and the nuclei which happen to be present in the granular polar region enter the outpocketings. These protuberances or buds become fully detached from the cytoplasmic region above and eventually, following the formation of the continuous layer of columnar blastodermic cells, are compressed into the area between the flat dorso-posterior blastodermic wall and the vitelline membrane. These small spherical cells which form an amicropylar polar cap are the pole cells or primordial germ cells and comprise the first obvious differentiation of the developing Drosophila egg. I have observed in living, dechorionated eggs that the polar protrusions rapidly become enlarged and distinct and within ten VOL. 27, 1941 minutes after they first appear their continuity with the ooplasm above is lost and they are fully detached in the perivitelline space. The germ cells remain massed at the caudal end of the egg for a period of seventy minutes.
Counts of the germ cell primordia which pass from the postero-dorsal perivitelline area into the interior of the egg have been given recently by Rabinowitz.' He notes that the average of 55 primordia (with a range in counts in different eggs of from 36-73) initially present decreases to an average of 31 germ cells (with a range from 15-44) which are, ultimately, to pass into the deepening amino-proctodeal invagination. Rabinowitz accounts for this decrease by describing an "inter-blastodermal migration" during which a number of free, detached pole cells pass between the elongate blastoderm nuclei and make their way toward the yolk. Counts made by the writer some time ago indicate that an average of 40 primordia enter the interior of the embryo and that more than fifty may be observed in certain preparations grouped at the posterior end of the diverticulum. These counts are of interest in light of the observations on gonad size which are to be described in the following section.
In living material, the cellular movements involved in the formation of the shallow amino-proctodeal concavity about the germ cells and the shifting of the invagination dorsally to a point approximately one-fifth of the distance from the caudal end occur within thirteen to seventeen minutes. The invagination deepens and the primordia, carried passively along in the concavity, disappear from sight as they move to the end of the lengthening proctodeal tube. In four-to six-hour-old embryos, the primitive germ cells may be seen loosely assembled in the diverticulum. No indication of the presence in the cytoplasm of the primordia of polar granules, the so-called "germ cell determinants," is evident at this time although Poulson,5 who has made thus far the only comprehensive study of Drosophila organogenesis, reports that the germ cells are readily recognizable when in the invagination by the polar granules in their cytoplasm.
The germ cells remain quiescent at the end of the tube for two hours and sometime during the sixth hour of development a true migration occurs. The primordia pass through the amino-proctodeal wall into the body cavity. This movement, occurring in the interior of the embryo, cannot be seen in living material. How such movements occur has not been reported. From a study of preparations of embryos fixed with heated formolalcohol-acetic acid mixture (70°C.) in which the contours of individual cells stand out strikingly, supplemented by preparations of embryos treated with cold fixative, the impression gathered is that the cells extend blunt pseudopodia and push their way singly through the gut wall. The primordia assume shapes which recall various ameboid types, and as they pass between the columnar cells of the gut they enlarge the spaces between the loosely aligned cells distorting the appearance of the gut com-ponents. The passage through the gut wall must occur within a period of about an hour for in embryos which are seven to eight hours old the migration is completed. Various steps in the migration can be readily traced in different preparations. Not all of the primordia, however, which were carried passively into the proctodeal tube in the early embryo penetrate into the body cavity. It is difficult to ascribe a reason for this since, presumably, all of the germ cells contain identical nuclear complexes and since differences in appearance or size of the various primordia are not discernible to the observer. Many of the germ cells remain behind in the gut and are never incorporated in the definitive gonads. In older embryos, those from thirteen hours and on, cells which resemble the primordia are occasionally noted in the gut. It may be inferred that these are the survivors of those germ cells which remained behind during the migration which occurred hours earlier.
The wanderings of the germ cells are, even yet, incomplete. From their position in the body cavity between the blind end of the proctodeal tube and the huge yolk aggregate, the primordia have to move or be moved to their final latero-dorsal position four segments from the caudal end of the embryo. This final step is exceedingly difficult to follow, but it occurs during the posterior retreat of the proctodeum from its anterior position. With the onset of metamerism, the proctodeal tube, opening on the dorsal surface and extending posteriorly, begins to move caudally. Eventually, the proctodeal opening reaches the back end of the embryo, thus reversing the movements initiated hours earlier at the time of the dorsal shifting of the germ cells.5 The mesentodermal cell cluster associated with the tip of the proctodeal tube becomes cleft and as the strands move back and then turn ventrally to form a portion of the mid-gut wall they appear to shunt the two groups of germ cells to their permanent sites. Here the primordia are surrounded by a number of small mesentodermal cells from which material the future gonadal sheath is differentiated. In fourteenhour-old embryos the sheath is quite distinct, comprising a circlet of minute cells about each cluster of germ cell primordia. The number of cells in the sheath has been determined and found to vary from 26 to 37. Care must be taken in making these computations to distinguish the sheath cells as carefully as possible from the neighboring mesentodermal cells, some of which are differentiating into fat body.
Sex of the Gonads.-Sex differentiation of the gonad has already occurred in larvae newly emerged from the embryonic cases.' The size difference between the gonads is quite striking and in six-to ten-hour-old larvae the male gonads are developed far enough to be visible through the body wall, enabling one to separate the sexes in the larvae without any recourse to dissection and measurement. The female gonads are minute and Kerkis remarks that "the young female gonads are so small that it is difficult to measure them as accurately as the male gonads or the older female gonads." To establish whether an indifferent stage in gonad development exists, embryos have to be killed and sectioned since it is not possible to dissect out the gonads in embryos and measure their dimensions. Poulson" has noted that the gonads in some "late embryos" were different in size. This observation we have confirmed and have, furthermore, made counts of the number of primordia present in the gonads of embryos which were at different levels of development. Germ cell counts in a sample of 110 gonads in 72 embryos were obtained and the following comments can be made.
1. A size difference is observed as soon as the primordia have arrived at their permanent location. This difference is apparent in embryos which have incubated for ten hours and is the earliest discernible feature of sex differentiation. This disparity in volume of the gonads can be traced from this time on until the young larva hatches. From these and from Kerkis' observations it can be concluded that no indifferent stage in the development of the gonad exists and that the sex of the gonad is established at the time the germ cell primordia have completed their wanderings and have become incorporated in the gonads.
2. Variations in volume of the gonads results from the number of seemingly identical primordia enclosed in the sheath rather than any difference in size of the primordia. The numbers of germ cells in the early gonads fall, roughly, into two groups, those containing 5 to 7 cells per gonad (there is one instance of 4 primordia in a gonad) and those containing 9 to 13 germ cells. The numbers of primordia in the two members of any pair of gonads are virtually the same. One may note, for example, 6 primordia in one gonad and 6 or 7 in the other, but not 6 in one gonad and 13 in the other member of the pair.
3. When one considers that approximately 40 germ cells, and sometimes more, enter the interior of the body through the amino-proctodeal invagination but that gonads are formed which contain 5, 6, or 7 of the primordia, it is obvious that large numbers of the potential germ cells have been "lost" during the course of the movements undergone by the primordia. As noted earlier, many primordia are unable to migrate from the end of the the proctodeal tube into the body cavity, while some in the body cavity appear to be trapped in the large yolk aggregate which is later included in the mid-gut.
4. Following the initiation of the complex movements in the early embryo, no mitoses are ever noticed among the primordia until the embryo has incubated for sixteen hours, while in the proctodeal tube and in the body cavity, the germ cells have never been observed dividing, and during the first few hours after their inclusion in the gonads the primordia are still seemingly quiescent. Between the sixteenth hour of development and hatching, however, one, and possibly two, mitoses occur. Gonads are now observed which contain 8, 10 and 12 primordia while others have as many as 36 and 38 primordia. These figures are interesting since Kerkis showed that the ratio of the volumes of the larger (male) gonads to the smaller (female) gonads in newly emerged larvae was of the order of 31/2 to 1. It can also be understood why Kerkis had difficulty in determining the dimensions of female gonads in young larvae for so very few cells are contained in a female gonad in a late embryo. Even should one or two mitotic divisions occur during the first larval hours such gonads would still be extremely small and most difficult to measure.
Summary.-The germ cells have been traced from the time of their origin to their inclusion in the primitive gonads. Many germ cells which appear in the early embryo never reach the gonads. Size differences in the gonads have been observed and it is concluded that no indifferent stage in the development of the gonad exists.
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